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HRTEM images show clear core-shell structure with different crystal lattices from Fe and Au. SQUID magnetometry reveals that particle magnetic properties are not significantly affected by the overlayer of a moderately thick Au shell. The Au-coated particles exhibit a surface plasmon resonance peak that red-shifts from 520 to 680 nm. And all the above characterizations show that in this sample, there are no Fe oxides inside the particle.
CHAPTER 1 INTRODUCTION
Nowadays, magnetic nanoparticles are playing an important role in the wide range of sophisticated bio-medical applications, such as targeted drug delivery, biochemical sensing, and ultra-sensitive disease detection. The decrease of particle size leads to increase of its reactivity and their magnetic properties are dominated by superparamagnetism and surface effects [1] . Several gold, silver, polymer et al.) [2] [3] [4] [5] [6] [7] [8] [9] . A diamagnetic layer could potentially reduce magnetic properties of the magnetic core of nanoparticle. Despite this, gold has become a favored coating material because of its specific surface functionality for subsequent treatment with chemical or bio-medical agents [10] [11] .
Meanwhile, it protects the magnetic core against oxidation, without drastic reduction of the magnetic properties. It is expected that iron nanoparticles can be passivated to avoid oxidation by gold coating and not modify the magnetic properties (such as coercivity or blocking temperature). The reverse micelle method for synthesis of Fe@Au nanoparticles has been previously developed by our group [12] . In this work, we will present another simple method for the synthesis of gold-coated iron nanoparticles by partial replacement reaction. The idea of the method is to use reducing agents (Na, K, Li) to reduce ML n (M = Fe, Co, Ni; L = Cl, Br; n = 2, 3) to form the metallic core nanoparticles [13] , and then use the surface of metallic core particles to reduce Au 3+ to form gold coated mettallic nanoparticles, as shown in scheme 1.
Xia et al. [14] have used a similar concept with galvanic replacement reactions for generating metal nanostructures with hollow interiors.
CHAPTER 2 EXPERIMENT
The reduction reactions were conducted in polar aprotic solvents.
In a typical synthesis, 2 mmol of FeCl 3 were dissolved in NMPO 
Core-shell nanoparticle obtained
The metal for the core should be able to reduce the metal ion for the shell 
TGA characterization
The characterization of the core-shell structure of the sample can be studied by TGA measurements in different atmospheres. The TGA curves of the obtained sample in air (a) and 8% H 2 in argon (b) atmospheres are shown in Figure 3 . From Figure 3a , one can only see the weight loss that is due to the decomposition of organic ligands in the sample. A similar TGA curve was obtained in hydrogen atmosphere (Figure 3b ). There is also only weight loss. However, one can notice that, in the case of air atmosphere, the weight loss is a little bit smaller than it is in hydrogen. This difference is probably due to the fact that some iron nanoparticles in the as-synthesized sample were coated with both gold and organic ligands instead of being completely coated with only gold.
During the measurement of TGA in air atmosphere, the organics were decomposed, and the inside iron was oxidized (i.e., weight gain), which makes the absolute value of weight loss in air atmosphere be diminished. 
X-ray diffraction characterization
The X-ray diffraction (XRD) pattern of Fe@Au nanoparticles is in 
Magnetic characterization
The Fe@Au core-shell nanoparticles are ferromagnetic at room temperature. Figure 5 shows the hysteresis loop, measured at room temperature. The core-shell particles have coercivity (H c ) of 25 Oe (see the small figure in Figure 5 ). The magnetic saturation is 45 emu/g. By calculation of composition from EDS and TGA data, one can estimate the value of the magnetic saturation, which is equal to 170 emu/gFe. Bulk iron has a large magnetic saturation of 216 emu/g. However, magnetic saturation of iron powders is 60-70% of that of pure iron, which is 130-151 emu/g [15] . The value that is obtained is a little higher than the value reported for iron powder. This might correspond to better crystallinity of the The spectrum (a) shows the SP peak at 520 nm which corresponds to isolated and randomly oriented spherical Au nanoparticles. The spectrum (b) has its SP peak at 577nm. The TEM image of this sample reveals that the majority of the sample is highly agglomerated Au nanoparticles with a size about 10 nm.
A. Lazarides et al. [16] pointed out that aggregation of Au particles induces a broadening and red-shift of SP peak due to a collective interaction of the electrons of the interconnected particles.
The interesting behavior of SP is observed for the core-shell nanocomposites ( figure 6c) , where Au is a shell. The reported results of the similar geometries of binary nanocomposites, like dielectric SiO 2 @Au [17] , semiconductor Au 2 S@Au [18] and half-metal Fe 2 O 3 @Au [9] demonstrate that these core-shell nanoparticles have tunable plasmon resonance that depends on the ratio of the core radius to the total radius. Similarly, as in the case of Au connected particles, there is a red-shift of SP peak position with a decrease of the shell thickness and a blue-shift with an increase of the shell thickness. This effect is explained in terms of the domination of Drude-like electrons that participate in the collective plasmon resonance based on Mie scattering theory and quasi-statistic calculations. The SP peak position for our core-shell nanoparticles is centered at 680 nm. This position is relatively well matched with that reported from the calculated dependence r 1/ r 2 = f (SP peak position) for dielectric and semiconductor cores, where r 1 = 5.5 nm is the core radius, and r 2 = 8 nm is the total particle radius (r 1 /r 2 = 5.5/8 = 0.69). The small deviation from exact matched value r 1 /r 2 = 0.75 [18] , due to ferromagnetic origin of the core, which affects the dielectric properties of plasmon's environment and size deviation of shell's thickness. However, experimentally, based on our HRTEM observation with some relevant data discussed above, we would assign this SP peak as plasmon resonance in our Fe@Au core-shell nanomaterials. 
